ABSTRACT BACKGROUND: The current study was designed to test the hypothesis that motivational deficits in schizophrenia (SZ) are tied to a reduced ability to differentially signal gains and instances of loss-avoidance in the brain, leading to reduced ability to form adaptive representations of expected value. METHODS: We administered a reinforcement learning paradigm to 27 medicated SZ patients and 27 control subjects in which participants learned three probabilistic discriminations. In regions of interest in reward networks identified a priori, we examined contrasts between trial types with different expected values (e.g., expected gain-nonmonetary) and between outcomes with the same prediction error valence but different experienced values (e.g., gain-lossavoidance outcome, miss-loss outcome). RESULTS: Both whole-brain and region of interest analyses revealed that SZ patients showed reduced differentiation between gain and loss-avoidance outcomes in the dorsal anterior cingulate cortex and bilateral anterior insula. That is, SZ patients showed reduced contrasts between positive prediction errors of different objective values in these areas. In addition, we observed significant correlations between gain-loss-avoidance outcome contrasts in the ventral striatum and ratings for avolition/anhedonia and between expected gain-nonmonetary contrasts in the ventral striatum and ventromedial prefrontal cortex. CONCLUSIONS: These results provide further evidence for intact prediction error signaling in medicated SZ patients, especially with regard to loss-avoidance. By contrast, components of frontostriatal circuits appear to show reduced sensitivity to the absolute valence of expected and experienced outcomes, suggesting a mechanism by which motivational deficits may emerge.
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Considerable evidence ties the negative symptoms of schizophrenia (SZ)-especially deficits in motivation-to dysfunction in neural circuits for reward processing and reinforcement learning (RL) (1) (2) (3) (4) . RL is known to depend upon multiple component processes, including the signaling of the expected value of stimuli and actions, the integration of outcomes, and the signaling of mismatches between expected and experienced outcomes, called reward prediction errors (RPEs). It is thought that a variety of brain regions participate in representations of the subjective value of stimuli and rewards, as well as the use of these representations in the guidance of choice (5) (6) (7) and the updating of these value representations, following the integration of outcomes. Areas implicated in the online representation of value include the ventromedial prefrontal cortex (vmPFC) (also medial orbitofrontal cortex [mOFC] ) and associated ventral regions of the striatum (VS), the dorsal anterior cingulate cortex (dACC), which is closely associated with the representation of the value of actions (8) (9) (10) , and the anterior insula (AI) cortex, which is closely associated with the representation of aversive outcomes (11) . While the signaling of RPEs has been most closely associated with the activity of dopamine neurons in the midbrain, projecting to subfields of the striatum (12) (13) (14) , performance feedback has also been shown to activate or deactivate all of the PFC regions just described (the vmPFC, dACC, and AI) (14) (15) (16) .
Frontostriatal abnormalities could contribute to motivational deficits in SZ through multiple mechanisms. For example, motivational deficits could emerge in SZ if abnormal signaling of RPEs led to maladaptive updating of value representations. Results of studies of RPE signaling in SZ patients on long-term medication have been mixed, however, with RPE signal strength in the striatum sometimes, but not always, correlating with measures of negative symptoms, such as avolition and anhedonia (17, 18) . By contrast, multiple studies have linked motivational deficits in SZ to abnormal signaling of expected value, as measured by neural activity associated with outcome anticipation (rather than receipt) in striatum and vmPFC (1) . In addition, computational modeling has shown how a system with intact signaling of RPEs could fail to adaptively represent the values of choices (19, 20) . In such a regime, individuals would assign the same subjective value to all positive RPEs, regardless of whether they had been obtained from an actual gain or merely the avoidance of an expected loss (19) .
In a study using a probabilistic RL paradigm adapted from Pessiglione et al. (13) , we found this pattern in a subgroup of SZ patients-those with the most severe negative symptoms (19) . We observed that SZ patients with more severe negative symptoms were more likely to show equal preference for stimuli predictive of gains (i.e., positive expected value), when paired with those predictive of loss-avoidance (even when these stimuli had sometimes yielded a loss and hence had negative expected value), suggesting that SZ patients with motivational deficits exhibited a primary deficit in signaling positive expected value rather than in learning from RPEs per se (19) . In addition, in the context of some experimental paradigms, SZ patients have exhibited greater than normal lossavoidance behavior (21, 22) . Thus, a possible alternative explanation for the similar valuation of monetary gains and instances of loss-avoidance in SZ patients is that individuals with SZ actually show enhanced neural activity associated with instances of loss-avoidance (relative to instances of monetary gain, monetary loss, and reward omission).
The purpose of the current study was to test the hypothesis that motivational deficits in SZ are tied to a reduced ability to differentially signal gains and instances of loss-avoidance in the brain, leading to reduced ability to form representations of expected value that map onto the objective value of choices. We predicted that more severe motivational deficits in SZ patients would be associated with reduced ability to differentially signal gains and instances of loss-avoidance in multiple frontostriatal regions (VS, vmPFC, dACC, and AI), possibly because of both attenuated signals associated with expected gains and enhanced neural activity associated with instances of loss-avoidance.
METHODS AND MATERIALS

General Procedures
Twenty-nine SZ patients and 28 healthy volunteers matched on demographic characteristics and smoking status successfully completed an RL task in the magnetic resonance imaging (MRI) scanner (see Supplemental Methods for details of screening procedures). All patients except one were medicated with antipsychotic drugs (APDs), with all those medicated being on stable antipsychotic medication regimens (no changes for 4 weeks). Outside of the MRI scanner, cognitive function was assessed using three standard measures: the Wechsler Abbreviated Scale of Intelligence (23) , the Wechsler Test of Adult Reading (24) , and the MATRICS Consensus Cognitive Battery (25) . Standard symptom ratings were obtained for all patients using the Scale for the Assessment of Negative Symptoms (26), the Brief Psychiatric Rating Scale (BPRS) (27) , and the Calgary Depression Scale (28).
Acquisition of Behavioral and Neuroimaging Data
Participants performed 240 trials (average length, 6 seconds) of a version of the gain versus loss-avoidance probabilistic RL task similar to that used in our previous work (Figure 1 ) (19) . Functional MRI data were acquired simultaneously with task performance, in four scanning runs, each lasting approximately 7 minutes (with lead time) and involving the acquisition of 191 whole-brain functional echo-planar images (for measurement of T2*-weighted blood oxygen leveldependent [BOLD] effects) using a 3T Siemens Trio scanner (Erlangen, Germany) (81 2-mm axial slices, 128 3 128 matrix size, field of view = 22 3 22 cm, repetition time = 2 seconds) (see Supplemental Methods for additional scanning parameters). In each session we also acquired a whole-brain T1-weighted structural image (magnetization prepared rapid acquisition gradient-echo) for anatomical reference (1-mm 3 isotropic voxels). Two patients were removed from subsequent analyses because of head motion sufficient to produce phase instability in the functional images (resulting in the loss of entire runs to artifact). One control was excluded from subsequent analyses because of a lack of task engagement (evidenced by random button-pressing and no attempt to learn).
Analysis of Behavioral and Characterizing Data
Groups did not differ in age, gender, race, and parental education ( Table 1) . As expected, significant between-group differences were observed for participant educational attainment and multiple measures of overall intellectual functioning. Behavioral data were analyzed for the proportion of trials on which participants chose the optimal (more frequently reinforced) stimulus from a pair, as well as "win-stay" and "loseshift" rates (see Supplemental Methods for details). Finally, we used a computational model, similar to those previously used by our group (29) , in order to estimate action values and prediction errors on a trialwise basis. Comparison of multiple models revealed that a Q-learning model with separate learning rates for positive and negative RPEs best fit the behavioral data (see Supplemental Methods for details).
Analyses of Event-Related Functional MRI Data
Single-Subject Analyses. We performed two sets of regression analyses (general linear models) of single-subject voxelwise time series, one with binary regressors corresponding to the six different trial types (3 different pairs 3 2 possible outcomes), and one using parametric regressors (see Supplemental Methods for details). Binary regressors were 3-second boxcar functions, time-locked to the onset of individual trials and convolved with a model hemodynamic response function. Parametric regressors were derived from the results of computational modeling of individual behavior, which allowed for the estimation of prediction errors on a trialwise basis.
Whole-Brain Group-Level Analyses. To test for significant activations within groups, as well as for significant between-group differences in BOLD signal activations associated with parametric RPE regressors, we used whole-brain
Responses to Loss-Avoidance Feedback in SZ t tests (Analysis of Functional NeuroImages 3dttest11 command). To test for significant within-group effects of outcome valence, we used whole-brain paired t tests (Analysis of Functional NeuroImages 3dttest11 command). To test for significant between-group differences in BOLD signal contrasts with regard to experienced value and expected value, we used whole-brain multivariate models (Analysis of Functional NeuroImages 3dMVM command), with factors of group and value (6 levels of experienced value, 3 levels of expected value). For whole-brain analyses, we used a voxelwise threshold of p = .001 and a cluster size threshold of 95 voxels, determined by Monte Carlo simulations. . In a GM pair, possible outcomes were a $0.25 gain or a neutral outcome, and thus the expected values of those choices were positive. In an LA pair, outcomes were either neutral or a $0.25 loss, and thus the expected values of those choices were negative. In the nonmonetary pair, subjects received only verbal feedback (correct or incorrect), and thus the expected values of those choices were neutral. In all three conditions, the better item was reinforced 70% of the time. For example, 70% of the time the better item was chosen on potential gain trials, the word "Win!" along with an image of a quarter was presented, while "Not a winner" was displayed 70% of the time the worse item was selected. On potential loss trials, the better choice prompted the feedback "Keep your money" 70% of the time, while choices of the worse item resulted in the image of a crossed-out quarter 70% of the time. Our primary focus was on contrasts between outcomes of different objective values for the same RPE valence (e.g., gain vs. loss-avoidance, miss vs. loss). Exploratory analyses examined contrasts between expected outcomes, corresponding to condition (e.g., gain/miss vs. loss/lossavoidance). For each of these contrasts, we performed the following tests: 1) a repeated-measures analysis of variance (ANOVA), within the control group, with ROI as a factor, in order to determine if the contrast differed from zero in the control group, without respect to ROI, and if the contrast differed as a function of ROI; 2) a repeated-measures ANOVA across the entire sample, with group and ROI as factors, in order to determine if there was a between-group difference in the contrast, without respect to ROI, or a significant group by ROI interaction; 3) Spearman correlation analyses between MRI contrasts in ROIs and RL performance measures in controls; and 4) Spearman correlation analyses between MRI contrasts in ROIs and measures of motivational deficits in patients. In order to quantify motivational deficits in patients, we computed an avolition/anhedonia factor score by averaging item scores from the avolition/role-functioning and anhedonia/asociality subscales of the Scale for the Assessment of Negative Symptoms. In order to determine whether measures of motivational deficits in patients were related specifically to negative symptoms, rather than measures in multiple symptom classes, as well as cognitive domains, we also performed Spearman correlation analyses, between MRI contrasts in ROIs and 1) individual psychosis scores, by averaging ratings from individual psychosis items on the BPRS (suspiciousness, grandiosity, hallucinations, and unusual thought content); 2) individual IQ estimates, as well as several measures of intellectual function from the MATRICS Consensus Cognitive Battery; and 3) standardized APD doses for SZ patients (see Supplemental Methods for conversions and results of correlation analyses).
RESULTS
Behavioral Data
As shown in Supplemental Figure S1 , SZ patients performed worse overall than controls on contingency acquisition (for main effect of group; F 1,52 = 7.053, p = .010). Performance in the entire sample improved across blocks (for main effect of block; F 3,156 = 10.486, p , .001). Neither the main effect of pair (F 2,312 = 2.639, p = .079), nor the group by pair interaction (F 2,312 = 1.800, p = .172) were significant. Individuals with SZ were less likely than healthy volunteers to repeat choices that resulted in optimal outcomes (69.9% win-stay rate in SZs vs. 78.4% in healthy volunteers t 52 = 2.371, p = .021), and there was a trend for patients to be less likely than healthy volunteers to switch to the alternative stimulus after choices resulting in nonoptimal outcomes (34.3% lose-shift rate in SZs vs. 27.7% in healthy volunteers; t 52 = 1.878, p = .066). Thus, individuals with SZ showed a greater tendency to switch between response alternatives in general.
Results of RL Modeling and Model-Based MRI Analyses
Details of RL modeling results are described in Supplemental Results. As shown in Supplemental Figure S1E , we observed a significant group by valence interaction in learning rate (F 1,52 = 7.212, p = .010), such that controls had greater learning rates for positive RPEs than negative RPEs (alphaG . alphaN; paired t 26 = 4.447, p , .001), whereas patients did not (t 26 = -0.438, p = .665). This observation fits with the above finding of reduced win-stay rates in SZs, as well as our previous observations of attenuated positive PE-driven/Go learning in patients with SZ (especially in patients with more severe negative symptoms) (30, 31) . Actual and simulated behavioral data are shown for both groups in Supplemental Figure S2 .
When we performed analyses of MRI BOLD signal time courses using parametric regressors constructed from trialwise estimates of prediction errors, we found that the signaling of RPEs in the striatum was robust, with BOLD response magnitudes not differing between patients and controls ( Figure 2 and Supplemental Table S4 ). These results were consistent with previous work (17, 32) pointing to intact striatal RPE signals in SZ patients on long-term medication. Both groups also showed strong inverse relationships between trialwise RPE estimates and BOLD signal time courses in left and right AI, as well as dorsomedial PFC, which indicated that these areas were activated by negative RPEs and deactivated Responses to Loss-Avoidance Feedback in SZ by positive RPEs (Figure 2 and Supplemental Table S4 ). Of note, a separate whole-brain regression analysis within the patient group, using avolition/anhedonia scores as a betweensubjects regressor, revealed no regions where avolition/ anhedonia scores significantly modulated RPE responses at the appropriate cluster-size threshold. Thus, whole-brain results validated the selection of VS, ACC, and AI, as outcome-sensitive regions, in both patients and controls.
Experienced Value Contrasts
Whole-Brain Analyses. When we examined contrasts between responses to experienced gains and instances of lossavoidance (both positive RPEs), whole-brain t tests revealed significant effects of outcome valence in striatum, dACC, and the right AI in control subjects but significant effects of outcome valence in none of these regions in patients (Supplemental Figure S3 and Table S5 ). Significant interactions between group and outcome valence were observed in the caudate, AI, and posterior insula. Whole-brain analyses revealed no significant effects of outcome valence on the signaling of negative RPEs within either participant group, and no between-group differences in the (miss-loss) contrast.
ANOVAs in A Priori ROIs. Specific coordinates of a priori
ROIs are shown in Figure 3A -C. A repeated-measures ANOVA with factors of group and ROI revealed a significant main effect of group on (gain-loss-avoid) contrasts (F 1,52 = 13.002, p = .001), but no significant main effect of ROI (F 4,49 = 0.817, p . .1) or group by ROI interaction (F 4,49 = 0.634, p . .1) ( Figure 3D -E, Table 2 ). In controls, (gain-loss-avoid) contrasts differed significantly from zero in all a priori ROIs, with the magnitude of the contrast in right AI correlating significantly with both win-stay rates (r = 0.399, p = .039) and learning rates for positive RPEs (alphaG; r = 0.403, p = .037) ( Figure 3F and Supplemental Table S7 ). In patients, contrasts differed significantly from zero in none of the a priori ROIs, and SZ patients showed significant reductions, relative to controls, in the contrast in dACC (t 52 = 2.671, p = .010) and both right (t 52 = 3.724, p , .001) and left AI (t 52 = 2.537, p = .014). These results indicate that while neural activity in striatum and AI is modulated by RPE amplitude and valence in both healthy volunteers and SZ patients, activity in these regions is additionally modulated by the objective value of experienced positive RPEs in healthy volunteers, but to a much lesser degree in SZ patients. A repeated-measures ANOVA with factors of group and ROI revealed no significant main effect of group on (miss-loss) contrasts, suggesting that patients and controls signal negative RPEs in a similar fashion (Supplemental Results).
Expected Valence Contrasts
Consistent with the results of numerous previous studies of reward anticipation (14, 33) , our whole-brain analyses revealed significant effects of expected valence (positive-negative) in VS in control subjects (Supplemental Figure S5) . We observed no significant between-group differences in expected valence signaling in VS, however (Supplemental Table S6 ). Repeatedmeasures ANOVAs to assess effects of group and ROI and outcome valence on neural contrasts with regard to expected valence contrasts (positive-negative, positive-neutral, and negative-neutral) revealed no significant effects of condition within either group, and no significant between-group differences in any of the contrasts.
Correlation Analyses in A Priori ROIs
In the patient group, scores for avolition/anhedonia correlated with (gain-loss-avoid) contrasts in VS (r = 20.485, p = .010) (Supplemental Table S8 ). While patients, as a group, showed reduced outcome valence contrasts in multiple PFC ROIs, we observed no significant correlations between negative symptom severity and outcome valence contrasts in any PFC ROIs. With regard to expected valence signaling, we observed a significant correlation between avolition/anhedonia scores in SZ patients and the positive expected value signal (positiveneutral expected value contrast) in VS (r = 20.422, p = .028) Figure 2 . Whole-brain analyses of reward prediction error-evoked magnetic resonance imaging activity based on trial by trial estimates produced by reinforcement learning modeling. Brain viewed from the front. Top row cut at y = 10, to display striatal activations in both healthy volunteers (HVs) and patients. Bottom row cut at y = 19 and z = 10, to display deactivations in dorsomedial prefrontal cortex and anterior insula. Whole-brain analyses revealed no between-group differences in these regions (Supplemental Table S4 figure. (D) Healthy volunteers, as a group, showed significant contrasts between gain outcomes and lossavoidance outcomes in all a priori ROIs. (E) Schizophrenia (SZ) patients, as a group, showed significant contrasts between gain outcomes and lossavoidance outcomes in none of the a priori ROIs. (F) In healthy volunteers, differences in learning rates associated with positive and negative reward prediction errors correlated significantly with (experienced gain-loss-avoidance) contrasts in the right anterior insula ROI. (G) In schizophrenia patients, avolition/ anhedonia scores correlate significantly (inversely) with (experienced gain-loss-avoidance) contrasts in the VS ROI. Error bars represent 1 standard error in either direction. *Paired t test significant at p , .05. AAA, avolition/anhedonia/asociality subscales from the SAN; BOLD, blood oxygen level-dependent; SANS, Scale for the Assessment of Negative Symptoms.
Responses to Loss-Avoidance Feedback in SZ and vmPFC (r = 20.390, p = .044) (Supplemental Table S8 ). Finally, we observed no significant correlation between any outcome or expected valence contrast and positive symptom scores from the BPRS, or any standard cognitive measure (Supplemental Table S9 ).
Analyses of correlations between neural measures and standardized APD dose revealed only one significant correlation: between APD dose and the (positive-neutral expected valence) contrast in dACC (Supplemental Table S9 ). Standardized APD dose was also significantly correlated with the severity of positive symptoms, as measured by the BPRS (r = 0.396, p = .041), suggesting that patients with more severe positive symptoms were receiving higher doses of APDs.
DISCUSSION
We administered a task designed to disentangle distinct aspects of value processing and to evaluate whether SZ differentially affects the neural correlates of distinct aspects of value processing. We were specifically interested in determining whether patients with SZ showed elevated loss-avoidancerelated activity in frontal and striatal regions, relative to gainrelated activity. In fact, we found that unlike control subjects, patients, as a group, showed little differentiation between gain and loss-avoidance outcomes in frontostriatal circuits (Table 2 ). This observation suggests that the subjective value of loss-avoidance (perhaps reflecting relief) is similar to that of monetary gain in patients (34) . In addition, negative symptom scores in SZ patients correlated significantly with neural activity related to individual contrasts, reflecting the ability to differentiate gains from instances of loss-avoidance responses in the VS, and negative symptom scores in SZ patients correlated significantly with neural activity related to expected value-related activity in VS and vmPFC/mOFC. This finding is consistent with our previous speculation that avolitional SZ patients do not show the preference for gain stimuli relative to loss-avoidance stimuli exhibited by control subjects, perhaps because of insufficient top-down input from vmPFC/mOFC to the VS, regarding the expectation of rewards, causing value representation in medicated SZ patients to be disproportionately influenced by learning about potentially negative consequences as opposed to potentially positive ones (19) .
Our observations that negative symptom scores correlated significantly with expected value-related activity in the VS and vmPFC/mOFC and to the relative strength of loss-avoidance responses in the VS fit with results of previous studies pointing to the following: 1) a link between motivational deficits in SZ and dysfunction in these regions (18, (35) (36) (37) , and 2) greater than normal levels of loss-avoidance by SZ patients in the context of decision making under risk (21, 22) . Moreover, these and previous results argue against a general impairment in prediction error signaling in SZ, especially with regard to potential losses (1, 17, 36, 38) . The current findings provide support for our previous conjecture, based on behavioral data (19) , that motivational deficits in patients with SZ are not simply the consequence of blunted RPE signaling. Indeed, both gains and loss-avoidance trials represent positive prediction errors and evoke striatal responses. However, they differ in subjective value and evoke striatal responses of different magnitudes in healthy volunteers. By contrast, instances of gain and lossavoidance evoke striatal responses of similar magnitudes in SZ patients. Using a similar functional MRI paradigm, Reinen et al. (39) found that unmedicated psychosis patients showed attenuated RPE responses in the medial PFC, striatum, and medial temporal lobe when learning to predict rewards, but not when learning to avoid losses. The results of this and other studies (40) suggest that psychotic individuals exhibit abnormal neural signals in PFC when they are required to integrate positive outcomes in the service of updating representations of value. Our finding, in chronic SZ patients, suggests that, even if neural responses to gains are not blunted, a lack of neural differentiation between instances of gain and loss-avoidance may contribute to avolition in SZ, perhaps by facilitating avoidance-learning (NoGo learning) at the expense of Go learning (19) .
Finally, our observations provide additional support for overlapping, but not identical, roles for components of frontostriatal circuits in both the online representation of value (5, 18, 35, 36, 41) as well as the signaling of performance feedback (14) (15) (16) . While the VS has been implicated in RPEsignaling in particular (14) , it has also been implicated in the signaling of both expected (14, 33) and obtained (14) value. While the vmPFC has been linked to the representation of both expected (5) and obtained (42) value, it has also been described as a component of the default mode network (43) . While the ACC has been implicated in the representation of the expected value of actions, it has also been tied to the representation of the expected cost of actions (44, 45) , as well as the resolution of response conflict (46) and the integration of negative feedback (15) . Finally, the AI has been linked not only to the signaling of aversive outcomes (47) , but also the anticipation of aversive outcomes (11) , as well as the signaling of salient outcomes, without respect to valence (48) . Understanding the probable role played by nodes in frontostriatal circuits at a given time will likely depend on 1) the identification of distinct functional subregions of these larger brain areas and 2) the characterization of network activity as a whole during the performing of specific aspects of reinforcement learning and decision making.
Limitations
One potential confound for the interpretation of the results of this study is the fact that all SZ patients in the study, except one, were treated with APDs. When we computed correlations Responses to Loss-Avoidance Feedback in SZ between measures of brain activity and doses of APDs, however, we observed no significant correlations between haloperidol-equivalent APD dose and any of the neural signals showing systematic relationships with negative symptom ratings. Therefore, there is little indication that APD status drove the observed relationships between negative symptom severity and value-related neural signals. While it is likely that effective pharmacological treatment restricted the range of positive symptoms in our patients, there is little evidence that antipsychotics, as currently used (including second-generation antipsychotics), have an effect on negative symptom severity (in terms of either improvement or exacerbation) (49) (50) (51) . Based on the fact that we observed a significant correlation between APD dose and residual positive symptom severity, we believe that the observed correlations between antipsychotic dose and RL-related brain responses are likely secondary to the fact that the most symptomatic patients in our study were taking the highest doses of APDs. We are confident that our results represent an effect of illness on reward circuit functioning and not an effect of psychotropic medication.
A second limitation of the results presented above is the fact that we tested our predictions using a large number of t tests and correlation analyses. Many of the results identified as significant would not survive correction for multiple comparisons. However, based on our previous work, we had reason to hypothesize that motivational negative symptoms would track value-related signals in the five ROIs we selected.
A third limitation of the study is that the signals we attribute to the expectation of value might be confounded by several factors. Because our design did not include jitter (on the order of seconds) between choices and outcomes, it was not optimized to dissociate MRI activity associated with expected value from MRI activity associated with outcome processing. While our findings, in the current study, of significant correlations between avolition/anhedonia scores and expected value contrasts fit with results obtained from our previous work (36), they should be regarded with caution.
Conclusions
In sum, we observed elevated neural activity associated with loss-avoidance feedback, relative to gain feedback, in multiple regions implicated in reward and punishment sensitivity in SZ patients. In addition, in SZ patients we found systematic relationships between negative symptom scores and valuerelated signals. We interpret these findings as evidence that motivational deficits in psychotic illness may, in part, result from reduced ability to differentially signal gains and instances of loss-avoidance in the brain, leading to compromised ability to form adaptive representations of the expected value of choices. Given the growing interest in transdiagnostic mechanisms of apathy and avolition (52) , future studies should seek to determine whether the relationships observed in this study are unique to SZ, or if measures of apathy and avolition relate systematically to value-related neural signals in other conditions, such as mood disorders and degenerative disorders. By doing so, we may be able to uncover general neural processes underlying motivational deficits, as well as cross-diagnostic treatment targets.
